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(57) ABSTRACT

A patient positioning system associated with an electromag-
netic field generator includes a patient fixation unit for fixing,
a patient or a part of the patient’s body so as to be immobile
with respect to the patient positioning system. The patient
fixation unit and the electromagnetic field generator are
installed so as to retain their position with respect to each
other. A method for navigating a patient or a part of the
patient’s body by means of a medical navigation system 1s
provided, wherein the patient or part of the patient’s body 1s
positioned by such a patient positioning system.

18 Claims, 1 Drawing Sheet
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PATIENT POSITIONING SYSTEM WITH AN
ELECTROMAGNETIC FIELD GENERATOR
OF AN ELECTROMAGNETIC TRACKING
SYSTEM

RELATED APPLICATION DATA

This application 1s a national phase application of Inter-
national Application No. PCT/EP2011/062999 filed Jul. 28,
2011 and published 1n the English language.

The present invention relates to a patient positioning
system which 1s associated with an electromagnetic field
generator of an electromagnetic tracking system. Electro-
magnetic tracking systems such as can be used with the
present invention are an essential part ol medical navigation
systems and are used to localise a patient or a part of a
patient’s body within a certain spatial region, wherein the
position of medical devices 1s determined within said space
and 1n the correct spatial relationship to the patient.

Electromagnetic tracking technology typically suflers
from distortions created by devices being used 1n the vicinity
of the generated field or the field generator being used.
Metallic objects, ferromagnetic objects and objects made of
conductive materials can in particular be sources of such
interference and/or distortion. Even some types of carbon-
fibre composite can be sources of distortion.

The interference and/or distortion mentioned above are
particularly problematic for neurosurgical procedures which
on the one hand require highly precise navigation, but on the
other hand frequently use potentially disruptive equipment.
Even standard head clamps are typically a source of severe
distortion which limits the accuracy and reliability of the
tracking system.

In addition, the space available for the treatment person-
nel i the vicinity of the patient i1s usually quite limited.
Positioning an additional electromagnetic field generator 1n
the operating environment creates an even greater strain on
the limited available space and may disturb the surgery
workiflow and constrain the surgeon. Patient positioning
devices such as contoured patient support elements on a
couch on which elements of an electromagnetic field gen-
erator are provided are disclosed for example 1n US 2004/
0199072 Al.

It 1s an object of the present invention to provide a patient
positioning system associated with an electromagnetic field
generator, wherein the tracking system’s accuracy 1s opti-
mised 1n the region of interest (the operating environment).
The mtention 1s 1n particular to minimise mterference and/or
distortion.

This object 1s achieved by a patient positioning system
associated with an electromagnetic field generator of an
clectromagnetic tracking system 1n accordance with claim 1.
The sub-claims define advantageous embodiments of the
invention.

In accordance with the present invention, the patient
positioning system comprises a patient fixation unit for
fixing a patient or a part of the patient’s body so as to be
immobile with respect to the patient positioning system. The
fixation unit and the field generator are also installed so as
to retain their position with respect to each other.

In other words, the fixation unit and the field generator are
positionally integrated into the patient positioning system
according to the present invention, 1.e. a system which
exhibits known and constant positional relationships
between its key elements 1s provided.

Unlike the systems of the prior art such as the one
described 1n the above-mentioned US patent application, the
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properties ol the electromagnetic field in the region of
interest, 1.e. the operating environment, are well determined
and will not be influenced by smaller or larger movements
of the system elements or the patient. A constant positional
“chain™ 1s retained, starting from the patient or part of the
patient’s body and including all the elements of the patient
fixation system and the elements of the field generator. Thus,
the system can be pre-calibrated as a whole, 1.e. the distor-
tions 1n the generated field caused by the patient fixation
system can be determined before it 1s mitially used, and
interferences and distortions can be compensated for before-
hand. A surgeon using the patient positioning system and
clectromagnetic field generator of the present invention can
then immobilise the patient and begin the surgical proce-
dure, wherein none or only mimimal distortion compensation
work 1s required at the beginning of the surgical operation.

There are a number of ways of establishing the constant
positional relationship of the present invention. One of them
1s bodily integration, which can 1 turn be established 1n
various ways, one of which 1s to integrate the fixation unit
and the field generator 1n general. In another embodiment,
the field generator or 1ts elements are itegrally mounted,
one on top of the other, or are provided as a single integrated
unit. It 1s also possible to mount the fixation umt and the field
generator or 1ts elements integrally on a carrier element, 1n
particular on the body of the patient positioning system,
wherein the body of the system preferably includes the
housing or shell of the patient positioning system.

The advantages of such an integrated system include the
fact that the field generator does not have to be set up
separately 1n the vicinity of the region of interest. Thus, the
problems of such a field generator occupying space and
obstructing the surgeon are eliminated, together with the
separate working step of setting up, 1.e. positioning, the field
generator elements.

In one embodiment of the positioning system of the
present invention, a shield 1s provided for shielding the field
generator or 1ts elements from external electromagnetic
interference or distortion. Given the above-discussed posi-
tionally determined or positionally integrated configuration,
and 1n particular the integrated design, the structure of the
patient positioning system of the present invention makes 1t
very easy to determine parts such as the “interior” or
“exterior” of the system structure. The interior can mainly
include the region of interest or the working region for the
surgeon, while the exterior 1s the portion of the patient’s
vicinity 1n which surgical personnel handle instruments
which can be a source of interference and/or distortion.
Because the exterior can be well-defined, the shield can be
placed between said interior and exterior, i1.e. can {for
example be placed optimally 1n order to prevent external
distortion or mterference coming from the exterior. One way
of achieving this 1s to locate the shield on the outside of the
field generator or its elements, as viewed from the centre
portion of the electromagnetic field generated.

Physically, the shield can be mounted on the body of the
positioning system, either between the body and the field
generator or its elements, or within the body, or on the
periphery of the body.

In another advantageous embodiment of the present
invention, a tracking reference of a tracking system which
employs a modality other than electromagnetism, in particu-
lar an optical tracking reference, 1s assigned to or positioned
on the patient positioning system. The advantages of such a
configuration will be discussed below.
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The system of the present mnvention can be embodied as
a head clamp, 1n particular a head clamp for neurosurgical
procedures, 1.¢. for fixing a patient’s head before neurosur-
gical steps are performed.

In a second aspect, the present mvention relates to a
method for navigating a patient or a part of the patient’s
body by means of a medical navigation system using an
clectromagnetic tracking system, wherein the patient or part
of the patient’s body 1s positioned by a patient positioning
system such as has been described above 1n several embodi-
ments. In the method of the present invention, the distortion
and/or interference created by the elements of a certain
configuration of the positioning system are determined 1n a
calibration procedure, and the known interference and/or
distortion 1s compensated for in order to use the patient
positioning system in said configuration.

As has been mentioned above, the advantages of such a
method are that the device 1s very easy to manage and the
positioning system 1s ready-to-use, all of which results 1n a
high level of tracking accuracy.

It 1s possible to determine the distortion and/or interfer-
ence prior to using the patient positioming system in said
configuration. However, 1t 1s also conceivable to perform a
short calibration/compensation step directly after the system
has been set up. This calibration/compensation step 1s easy
and simple to perform, since much of the known configu-
ration of the system remains unchanged during set-up.

In one embodiment of the method, a tracking reference of
a tracking system which employs a modality other than
clectromagnetism, in particular an optical tracking refer-
ence, 1s assigned to or positioned on the patient positioning
system, and the distortion and/or interference 1s determined
and/or the patient or part of the patient’s body 1s additionally
tracked with the aid of said tracking reference.

The mvention will now be described 1n more detail by
referring to an embodiment and to the one attached drawing.
It should be noted that any of the features of the present
invention as referred to here can be implemented separately
or 1n any expedient combination.

The one FIGURE attached schematically shows the
design of a neurosurgical head clamp which can act as a
patient positioning system in accordance with the present
invention.

In the FIGURE, the patient positioning system as a whole
has been given the reference numeral 10. It comprises a
body or housing 4 which accommodates a head holder
bracket 3, wherein the lower centre portion of the head
holder bracket 3 comprises a mounting element 6 via which
the positioning system 10 as a whole can be mounted, for
example to a patient couch. Both ends of the bracket 3
comprise axially adjustable holders for head fixation ele-
ments, of which only the head pins have been indicated, by
the reference numeral 3.

A shield element 2 1s 1n a constant positional relationship
with respect to the bracket 3—in the present embodiment,
fixed to the bracket 3—and can be a flat, longitudinally
extending body composed of a material which can be used
to shield a portion of the adjacent space from any electro-
magnetic influences induced. Like the bracket 3, the shield
2 exhibits a U-shape which extends in the body 4 in such a
way that the system 10 as a whole surrounds a region of
interest 1n which a patient’s head can be positioned and
immobilised by means of the head pins 5.

An electromagnetic field 1s created 1n and around the
region mentioned above, 1.e. 1 the mnterior and immediate
vicinity of the positioning system or head clamp, and used
as the tracking field of an electromagnetic tracking system.
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Said electromagnetic tracking system, and/or any other
tracking system (for example, an optical tracking system),
can be used with a medical navigation system within the
framework of the present invention. Only the generated field
or the tracking references of these tracking systems are
relevant to the system and method of the present invention,
hence only these are shown 1n the drawing. Other tracking
system components or the components of the medical navi-
gation system would not have any influence on the configu-
ration of the elements shown, hence stead of for example
showing them merely as black boxes, these other compo-
nents have not been shown in the drawing at all.

As has been mentioned above, the fiecld-generating ele-
ments of the field generator are located on the interior side
of the shield 2; in the embodiment shown, four such field-
generating elements are illustrated and indicated by the
reference numeral 1. It should be noted that such field-
generating elements can be elements of conventional elec-
tromagnetic field generators and can include field-generat-
ing coils or arrangements ol more than one coil 1n any one
field-generating element 1.

In the embodiment shown, all of the parts of the patient
positioning system have a pre-determined and constant
position with respect to each other and with respect to the
field to be generated and with respect to the patient to be
immobilised 1n the head clamp. Thus, the aforementioned
advantages of easy handling, accurate pre-calibration and
compensation and a high level of tracking accuracy can be
implemented 1n a highly compact and manageable system.
Integrating the electromagnetic field generator into the head
clamp 1s for example superior to merely attaching it loosely,
as proposed 1n the prior art, since it enables the positions of
the field-generating coils 1n geometrical locations around the
patient’s head to be optimised. The field can therefore be
optimally located with respect to the region of interest,
which further improves the accuracy of the tracking system
and reduces distortion from the exterior or from exterior
devices such as surgical microscopes. Any distortion or
interference caused by parts of the system 1tself, for example
by the shield 2, can be determined 1n a calibration procedure
during the manufacturing process and then correspondingly
compensated for when using the system.

The FIGURE shows an optical reference unit 7 to the right
of the positioning system 10. Said optical tracking reference
7 comprises a reference marker array 8 at one end and, at 1ts
other end, an adaptor which can be fastened to a fixation
clement 9 on the housing 4 of the head clamp 10.

Combining the electromagnetic tracking system and the
additional optical tracking reference also of course allows
optical and electromagnetic tracking to be combined and
thus offers an additional layer of redundancy which further
enhances the robustness and reliability of the tracking sys-
tem. The optical tracking system can also be used to provide
a higher degree of reliability while determining distortions
and/or interference 1n the calibration step, since the tracking
accuracy of the optical tracking system 1s not influenced by
any of the materials or devices used during said calibration
and/or compensation steps.

The mvention claimed 1s:

1. An apparatus comprising:

a head clamp comprising;:

a housing having a generally U-shape and defining a
region ol interest 1n the U-shape;

a head holder bracket operatively coupled with the
housing, the head holder bracket defining opposite
ends and having the generally U-shape of the hous-
ing; and
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axially adjustable holders carried on the opposite ends
of the head holder bracket, the axially adjustable
holders being configured to selectwely receive a
head of an associated patient 1n the region of interest
defined 1n the U-shape of the housing, and to hold the
head of the associated patient immobilized relative to

the housing;

an e¢lectromagnetic shield operatively coupled with the

housing, the electromagnetic shield having the gener-
ally U-shape of the housing whereby the electromag-
netic shield and the head holder bracket extend together
in the generally U-shape of the housing around the
region of interest; and

an electromagnetic field generator carried on the electro-

magnetic shield, the electromagnetic field generator
comprising a field generating element selectively gen-
crating an electromagnetic field 1n the region of inter-
est, the field generating element having a predeter-
mined and constant position relative to the head clamp.

2. The apparatus according to claim 1, wherein the
clectromagnetic shield shields the electromagnetic field gen-
erator from external electromagnetic interference and/or
distortion.

3. The apparatus according to claim 2, wherein:

the plurality of field generating elements are disposed on

an interior side of the electromagnetic shield directed
towards the region of interest.

4. The apparatus according to claim 1, wherein the axially
adjustable holders are carried directly by the opposite ends
of the head holder bracket.

5. The apparatus according to claim 4, further comprising
a mounting element coupled with the head holder bracket,
the mounting element adapting the head clamp for selective
mounting ol the apparatus with an associated couch sup-
porting the patient.

6. The apparatus according to claim 1, wherein:

the electromagnetic field generator comprises a plurality

of field generating elements located on an interior side
of the electromagnetic shield towards the region of
interest, the plurality of field generating elements being
carried and arranged on the housing corresponding to
geometrical locations around the head of the associated
patient selectively disposed 1n the region of interest;
the axially adjustable holders are carried directly by the
opposite ends of the head holder bracket; and

a portion of the head holder bracket defines a mounting

clement coupled with the head holder bracket, the
mounting element adapting the head clamp for selec-
tively mounting to an associated couch supporting the
patient.

7. The apparatus according to claim 6, wherein the head
clamp, the electromagnetic shield, the head holder bracket,
and the mounting element have predetermined and constant
positions relative to each other.

8. The apparatus according to claim 1, wherein the head
clamp and the electromagnetic field generator are integrated
with each other.
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9. The apparatus to claim 1, wherein the head clamp and
the electromagnetic field generator are integrally mounted,
one on top of the other.

10. The apparatus according to claim 1, wherein:

the head clamp and the electromagnetic field generator are

integrally mounted on a carrier element, and the hous-
ing of the head holder comprises a shell of the appa-
ratus.

11. The apparatus according to claim 1, wherein the
clectromagnetic shield 1s located on an outside of the
clectromagnetic field generator as viewed from a center
portion of the electromagnetic field selectively generated by
the electromagnetic field generator 1n the region of interest.

12. The apparatus according to claim 1, wherein the
clectromagnetic shield 1s mounted on the housing, either:

within the housing of the head clamp; or

on a periphery of the housing of the head clamp.

13. The apparatus according to claim 1, further compris-
ng:

an optical tracking reference assigned to or positioned on

the apparatus.

14. The apparatus according to claim 1, wherein:

the electromagnetic field generator comprises a plurality

of field generating elements carried and arranged on the
clectromagnetic shield at locations corresponding to
geometrical locations around the head of the associated
patient selectively disposed 1n the region of interest.

15. A method for navigating a patient or a part of the
patient’s body by means of a medical navigation system, the
method comprising:

providing an apparatus according to claim 1; and

calibrating the apparatus, the calibrating comprising;

determining a distortion and/or interference created by
clements of a certain configuration of the apparatus;
and

compensating the determined interference and/or dis-
tortion as compensated distortion and/or interference
for use of the apparatus 1n said certain configuration.

16. The method according to claim 15 further comprising
determining the compensated distortion and/or interference
prior to using the apparatus in said certain configuration.

17. The method according to claim 15, further compris-
ng:

assigning to or positioning an optical tracking reference

on the apparatus;

determining a distortion and/or interference created by the

optical tracking reference; and

tracking the patient or the part of the patient’s body with

the optical tracking reference.

18. The method according to claim 15, further compris-
ng:

positioning, by the apparatus, the patient or the part of the

patient’s body at a selected location relative to the
clectromagnetic field generator.
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